A synthetic iterative pathway for ketoacid elongation.
Iterative formation of nonpolymeric carbon-carbon bonds has been employed by organisms to synthesize fatty acids, polyketides, and isoprenoids. In these biosynthetic schemes, same reaction cycles are used iteratively for functional modifications that result in the increase in carbon-chain length. This principle has been used in the design of a synthetic module for 2-ketoacid elongation. The system utilizes the Escherichia coli enzymes LeuABCD, which were engineered to accept bulkier nonnatural substrates, and was able to extend the chain length iteratively. The success in achieving a diverse range of 2-ketoacids and alcohols from this module via engineering of the 2-isopropylmalate synthase and ketoacid decarboxylase demonstrates the plasticity of LeuABCD and its feasibility for iterative carbon-chain elongations. In addition, this strategy illustrates a principle of designing novel metabolic modules for nonpolymeric carbon-chain elongation, which is essential in the synthesis of nonnative metabolites in microorganisms.